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The results of previous studies an the recovery of SRMs have indicated

r that: the most expo-nsJ,ve elements of the ,qRM hardwal'_. (i.e., case segments,

iorwnrd aud aft elof_ures, attach str,_ct:,re,q, and nozzle stem:[) are recoverable

with an attrition rate of le,m than 20% and that these high recovery rat:es

i are primarily due to four fact:ors:
%

A. Utilization of a proven l:,ar;w.lmte recovery technique

t ]2_. LOW llUp;tt21: ].oftds lteStllkiug ]!l?om SI_M entry into water at velotzJ.ties ttlldo't-

90 ft/sec
C. Inherent strength and _t:iffness of the SI_.I, which i_ de_igtmd uot only

," for external flight loads but also for high internal pressures on tlmorder of 900 t:o 1,000 psi

' t:: D. Segmentation and interehangeability of all SRM hardware components.

Recovery system operations are described briefly in the following

i"ii! paragraphs.

i"" _ii,i _'he launch vehicle rises through' the atmos_ _ere and accelerates unti_ SI_M

l burnout. After booster burnout, the SRM separates from the orbiter and beg:ins

l,: ),. I:ii' tumbling at decreasing rates until free of the atmosphere. The energy at burn-

i
out sustains the SRM in ballistic flight to an apogee at 31 nm. During this

I!;:i period "in vacuo," the tumbling rate is constant at about I0 rpm. As the SRM
_, enters the sensible portion of the atmosphere, the nozzle end tends to lead

: the forebody, and the SRM nutates. At this point, temperatures have peaked
:t

to 400 ° to 500°F by aeroheating. At 32,000 ft, the ribbon drogue is deployed,

and 43 sec later the vehicle is positioned vertically, nozzle down, with four

! lO0-ft-diameter canopies mushrooming 200 ft overhead. Eight thousand feet

below and several miles away, recovery ships maneuver toward the impact points.

!
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The heat shield crushes under water Impact loads at an entry speed of

43 mph (63 it/see). Within 5 ft of water entry, the major impact forces

are disslpatod. The slap-down effect, as the SRM nose drops, is absorbed

hy the high strength and stiffness of tile steel case; however, the rell_tively

thhl aluminum nose cone could be damaged by secondary impact in high ae_s.

Tile SRM experiences the normal inertia and buoyancy forces during the remain-

der of the penetration. A ma_clmum iam_ersion of 40 ft results after impact.

Tilelaotlou of the HRM is thus highly damped, and the SRM shortly comes to rest

intact on the sea with the nozzle immersed slightly below the waterline and with

a large volume of air entrapped within the steel motor ease to ensure flotation.

Location aids enable the recovery ships to engage the floating SRMn. Pyro-

technic and _xplosive circuits are disconnected from the SRMs, and inflatable

rubber rings are then installed fore and aft to provide flotation stability and

protection from damage as the SRMs are floated into an LSD. Four SRMs are

retrieved _ithin 6 hr after touchdown, and the components are off-loaded at the

N_£Rnaval docks 26 hr after impact. Each item is then cleaned and evaluated

for refurbishment, reprocessing, and reuse.t_
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l.O INTRODHCTION AND S(JMMARY

1.1 INTRODUCTION

This st:udy proeider4 the baseline for a space shuttle eonfigurat:ion utiliz-

ing four parall.el-l_l, rn, 120-in.-dianiel:er SR'Mt] w:l.th seven t_egmoa_ts and TECIIROLIfl_)

seal movable nozzles. '.t'he concept: lind general, economic benefits of SRM recov-

,_ cry presented herein are equally valid for the series-burn SI{Ms or the 156-in.-

diameter SRMs, provided that those SRMs are also designed for the same strcngt:h,

stiffness, segmentation, nttd lnterc.hant_ealtl.l.it:y as the '120-iu. design, and thnt:
those Sl_s are also recovered as individual units.

,!
.. In late 1.963 and agaiu in 1965, fcasibl'.l.ity t_t:ttd:Les were init:i;li.:ed Ly 11'2(I

' I t:o J,nvestigata SI_'M reeoverabil.ity. These studies were based upon recovery of
I the Sl_Ivlboosters for the Titan III-C. Ground rules established at the out:net

of the study precluded SI{M modification that required sigwlfieaut changes iu

i motor qualification or schedule under the Air Force 624A Progrqm. Even wit:h

this restriction, the study determined that the recoverable booster concept

"!! was completely feasible, both t:eehulcally and economically.

i(.i

i ") ,_: The present study has not only substantiated the gross results of the

• 1963 and 1965 studies but has confirmed the favorable economics of the par:t-

| principally because it can accomplish the task with a minimum development cost

•i ... / Ii i. and time to acl,ieve operational recovery statu_ " ,._ sy_e,_ .affords t,,e l, ig,,-eat probability for achieving the large cost reductions presented in section 2.0.

i! The study accomplished the following objectives: (1) formalized booster

recovery requirements; (2) described techtxical properties of the applicable

recovery sj_tenx; and (3) examined SRM design compatibility considerations

including separation, atmosphere reentry, stabilization, terminal deceleration,

water impact, immersion, flotation, retrieval, refurbishment, and reuse.

i Although the basic purpose of recovering space boost:era is t:oreduce the /overall cost of a space booster system, certain other benefits may accrue.

;
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One :i._ the upg,r,'Mlnpl in ro.liM_i]:i.ly afforded by f:ir_t-lmrl,1 _'valuation of fll4_ht

h_lrdware upon rt_r-w_ry. AllOl'her :Is a d£ml_n;;l:ral:i, oll of lhe fo.n:ltDi'.[;I.ty oi: ,

reusJ.ng boo,','ter vehicle_. UTL' feel_ that Ihi_ wi]'l, lmcamo, an _2eonomic nee(,_s-

uity in the near fill:tire. W'it'h a recoverahi,, _!,st:em, t:he diroel: t+pt:rat:ing coats

eau be re&teed s:l.gn:l.f:i, cant]y.

1-2 i
' 1

if. . • , , m m" -- "

1972015138-TSA10



i
i

K. '.l.'_mper_tl:m._, ot/ t:l_,_ no,:."_l_,. |ll._o:.LI .jjjh, lr]:tl, iOlt w:i.i.i 1_: 2,500°] '' ,st water

I I[II||W|I:|'_ I]j.4 _' '[)l"Hl'[:ll:i(jl.I w:ill. 1,_ L'A)lli].'](_( t_l.y d/,)_l._j"Oy_t| |)Iy :|,|tilii{_l"_":i.OTl.

L. ]h:',:md:_:tde ol.jt:,t:?/ J:entlll.:s :it| d_ml,'-i_ _. l:l.) Iho ,qi.,_H. |.low[i've1:', u/..:]'tJ.e,.|].

no'zzle.-.fi.r#{l: :l.l]l)i,:t(:l: _ll: Ii_l :l!l'/st,e. will ii._,t e.;lll_t_ _l:rllel:ltl':l'l. I];]llll,_l_-]_[_
t() 1_]).(_ 1"1|;)11[]2" t:[)llll'l{)]l£!)|l]_',_. 1_|1{:.1<11:i.11_'_ del',l:h,; m:'_-: not (rx,:.,neded, Noz'z].e-

f'.irt]l: ent:ry ]:'e','m'l.f:,_ :in 1o_.". o:[ the n,_z:.'_]c_ ext:c,l].'._:i.on c,.on,_, 'i1'1_(_,n'lap-d_wn effc:ct a:_ l:h_, ::R'H )_me. d]'olm i._ :dm,.:'b(_d by th_ 1]:[gh '_l:rt;u_U:h

_'/ I.lo_c,, cone u_.l.d lm d,im;t_(c,d b V :_eeon(l:_ry :il,ip;I,:l: :i:.l lt lPilt .'{l_a:i.

L,,XC(_I,}| ;i4il' i.||l?(_'J'l)OJ'_'l| i011 t),J: |;|l_ |);t'i'/l{'.hlil:_ .q._/.qJ __'111 Jl| |:Jl_ _tJO_](_ (](_|](_

:llld tim addil:lo'n of oue hydrau]:h'. 'dmc.k almorlmr I:o ,nupp].(!menl: _ill(_

t. i _ t

_h(.'.k ab_]orb(:,r_;. 'l!lm _11_l: p(n:lio_l (r l! I:l)t; uozzle oxil: t:otl_ :i,_ z),ls() _11_l

i c,,xce'llent: d_a:i.g_:_ s:i,m;e :l,t: i::; fabric.at:cd of wrnpped sil:Lca-phenol:Lc

cloth whi.v,h wl'.l,',l, :L:;_:LI incrementally, thus absorbing and d0mpening the

.:(I :imp;to:,: loa,h;.
" N, '.|_hu _I_M will float uua:|.(h:d w'.ii'l_ the ,._o'_::1._ immersed a_ _, pitch attitude

'i: of 3 to 6 deBree_. Survivabl) ity is _xcellenL iu a].1 but the most
k

|
stormy s¢:tlS.

_ O. SRMs will I)e :[.uthe water le_,_ than 20 hr before reaching ETR by LSD.
The LSD cau easily load four SRMs_ wash theta down with fresh water,

i . I. I and return to the ETR naval docks for off-loading within i0 hr.

P. Salt: water atld galvanic action will not pose recovery problems to Lhe

major recow:rable co,|pcments providing a rinse and dry procedure is

i initiated after water removal. Experience wit,h refurbishment of

T hardwaze for the five-segment ].20-in,-diameter SRM from tile T:Lt:au Ill

! Progi:m, lnd]c.:_l:esthat water effects_ corrosion_ and hydrogen embrittle-

meut experienced over a 4-yc,,ar period did not affect refurbishmeut

and _t_ccessful test: of such bardwm:e on the seven-segmeut 120_in. -

d:iau_et:er SRM (lUal[l::Lcal:iou program. '1'o preclude salt water penetra- /

I tion tut:o crevices of t:}_., nose sect::io, and aft skirt component;s, a
rubbc:r:Lzed spray coating will be used a:fl:er component assembly.

7 1-3 5
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Q. The :impact analysis _hc_t_ :t maximum of 5.8-g impact load for St_I

spl:/ahdown at: 63 ft:/sec. (The ,not:or 'itself _s designed for a stmtained

axial load of '.lO g under fully loaded conditions and is, therefore,

capable of withstanding ax:[al deceleration_ greater than 16.5 g. On

this basis alone, SRM water impact: velac, ities in excess of 90 it/sac

can be tolerated.) Ilowever, an additional factor of safety is achieved

by ut_Jng the, aft: end hydraulic nozzle actuators as shock absorbers.

The lood mitigation from these hydraulic shock absorbers is not included

in the analysis, but will sl.gnificantly reduce the impact of gravlt:a-

tional acceleration on the SRM.

i.3 RECOMMENDATIONS

It is recommended that a recovery system development program be initiated.

Full-scale demonstrations should include:

A. Wate:._impact test of the motor at 63 it/see to verify SRM component

survivability using existing motor hardware

B. SlIMwater flotation tests to verify and evaluate the flotation

.:. :i,_ attitude, stability, leakage characteristics, pickup requirements, .

::'/ and effects of surface wave action

C. Tests to verify that shock loads resulting from entry into the water

..: at 63 ft/sec do not ignite the safe and arm pyrotechnics for the

destruct and thrust termination system

D. Tests to evaluate the effect of salt water, salt-water spray, and

corrosion on SRM components

E. Evaluation of protective coatings for SRM hardware .,

F. Air-drop tests of the parachute recovery system using dummy payloads

(or 1200-series motors)
I

G. Multiple hydrotestlng of three segments and two closures to establish

multiple reuse reliability using existing seven-segment test hardware _

H. Motion picture coverage of the next Titan III launch to evaluate SRM

postseparation dynamics I /

1-4 1
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I
I. Nozzle impact load teatin_ to verify itclioll ot! (:|l_._ _hou.k absorbers

and failure i,ode of the extellSiOIl c.ono
]i) "/ . .3. ,va.Luai:Kon of ],,qD recovery operat:ions fit: sea.

t
1.4 I ]SCIIS_ION

] The :following para_,;raph,q flis_.:u_;t_ the propo,qad p].an for recovery, retrieval,
! and rouse, of the SItM_.

I I,/),, l }.)ar;tehute Sy_t:_'m Sequen¢,,o

The p;trac, hute system consists ()f the following components which are s:|,mi-

J far to thoue qualified from prc'vious programs:

GOmpono_:It'. .Prog ram_
-, Pilot chute extraction system Gemini

Pilot chute Project Asset

If Mortar Gemini and Mercury

, Drogue chute Project Asset

"_'.ii Main parachutes (modified) Classified Air Force Program

" Sequence controller Apollo

The sequence controller is activated at SRM burnout by the same signal

iliiiI which activates SRM separation (see figure i-I). At an altitude of 32,000 ft,
the nose cone is separated and, following a 2_sec delay, the pilot chute is

Ill deployed by mortar ejection. The pilot chute extracts tile 44-ft-diameter'. drogue chute, which is fully disreefed at an altitude of approximately 19,000 ft.

At an altitude of I0,000 ft, the sequence controller initiates drogue

release (see figure 1-2). The drogue assembly then extracts the four 100-ft

_ main parachutes. At 8,000 ft, the main chutes are disreefed, providing a

terminal descent velocity of approximately 63 ft/sec.

i
Two seconds after water impact, the main chute'_ are separated from the

booster on the command of an impact _w]tcll signal, wl|ich also activates flash- /

ing lights.
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1.4.2 Pa'raehut¢_ Sequen{:_,. Cottt:ro.l.lt_r

The ,qequo.nee controller t-_ub:ty_t:etll_ wh:i.ch con.sist:_ of an electric ._qtmncer,

transducers, and an ¢_lectrical harm,._, prov'ida,q l::ho, sate.unary s¢:quotlee of

events during dc,,ploymo.nt and recovery cyclo,._. ])e_ign nt:udi_;_q have :l,ndical:ed

that the basic Apollo c.olnaluuld module 8o.quo.t_v.oA7 can I>e used_ but with the abort

sequt:nco, eliminated, ThJ,_ netltu_.nt:er cottl:ain_ two parallo.1 syntom, and hat_ a

reliability fact:or in excess of .9994.

Auxiliary componeut,q ust_.d in tht,, so,quent_o c.ont:rollc:r _ubsysLtmt include, *

altitude and impact _ensing _witches and necc;s_qaryhart_o,ssing and cabli,lg.

These components have already b_t:n flight qualified and ar_ available for use.

A functional block diagram of the sequence controller subsystem is shown

in figure I-3. As indicated, the sequence cotttroller will control all para-

chute and recovery aid events during the recovery cycle. The recovery cycle

will be initiated after SRM burnout and separation by enabling the sequence

controller with a positive separation signal from the booster.

:i/ 1.4.3 Recovery System Development Profile ' ':._.>,

: In designing the parachute system, it is important to minimize the pressure _,

: loads on the parachutes and the gravitational acceleration impact loads on the

m ::_ SRM. For this reason a pilot chute and drogue chute precedes the main chute

system_ and reefing of the chutes is used to control loads. As shown in

figure i-4_ the dynamic pressure and velocity is reduced incrementally so that

. main parachute deployment will occur below 150 psf dynamic pressure and 400 ft/sec.

The maximum skin temperature from aerodynamic heating as the 8RM free falls

is 500°F. Strength and reliability of the D6aC steel case is not affected until

the temperature exceeds 1,000°F (the steel case is tempered at 1,200°F).

1.4.4 SRM Attitude During Flotation

The SRM enters the water at approximately 63 ft/sec, and the impact load

of approximatel_ 5.8 g is absorbed by incremental loading on the nozzle and heat , /

shield as the SRM submerges to a maxitxmm depth of 40 ft. Water enters through

1-8
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ii As the LSD recovo.ry vo.ssc:l reach¢_s the SI{M, it: off:l.oada a small boat: withi
two fro_men to strap on ink.l,atal_l(_ flotation rJ.u_ti to the fore and aft oa:tds of

tlm motor, Those rings also facilitate f]ot:atioL_ of the SRMt_ into the 'LSD and

guard against damagt; to the SKM.

1.4.5 Parachute Container

The parachute container (figure 1-6) and nose cone replace the ut}na;tlSI_M

" nose cone. Weight of the parachute system is approximately 3,200 lb. Adequate

space is available in the forward section for the complete parachute system;

_' packaging presents no significant problem.

.i Preliminary design and stress analysis indicates that the maximum 3.5-gparachute impact load can be readily absorbed by the mounting structure and

:"' |i rings in the forward section of the SRM. Bending loads for canted SKM angles

I :_' during parachute opening l_ave been evaluated and present no major probl_.m.

i":i.", 1 1.4.6 Segment and Closure Recovery Operations!
7' Once the SRMs are loaded aboard the LSD, the motors are washed down with

I_/ fresh water and dried using hot-air heaters (figure 1-7). The motors are

offloaded at the Port Canaveral. naval docks, disassembled at the center seg-

' meat joint by removing the clevis pins, and truckled to the solid motor assembly

area at Cape Kennedy. The motors are then fully disassembled, washed down with

{ fresh water, and dried to remove all traces of salt water. The segments and

closures are subjected to dimensional and NDT inspections. The MRB evaluates

the inspection data and determines the accepLability of the segments and closures[

i, for refurbishment, Segments and closure:_ which are acceptable are then adequately

preserved and shipped to the UTC plant for refurbishment.

I-Ii
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I 1.4.7 ._ ,_egsl_.nt and (:losur_,. R,ef.rl_:lmhmeld:

After recovery operat:l.ons are cOnil_J.(d:ed ,'it ]i',TR, tile SRH'd are shipped to the

refurblshme_t plant. (flgnre i-8). Act:ivit:yfor r_furbl.shment consists of hard-

ware cleanup, initial inspec.tio, for damaEe, and grit blast or rework as required.

Segments and closures are then hydrotested to above MEOP to assume, sure-rating

re.liability. Final NDT consiqt_,_of X-ray and magnatJc particle inspoc.tlons to

loeat:e any flaws or anot_tll,(_a. .tt_. ,_o.gment, s _tnd closures are. then reinsulated

and enter the normal produt:tion-proc, e,_s cycle at: IITC.

I Fot3_ard ajtd aft section h/xl?dwal;e J,s not hydrot:esto, d but does receive, compleLe

NI)T, X-ray, and n_gnet:Jc part:lclo in._pectlons followed by spray coating with a

I protectiw: st_.ala_t,

I 1.4.8 Sogmeut and Closure Rehydrotest

The success of mult£ple motor cane rouse is dependent upon the ability of

I the D6aC steel to withstand low cycle fatigue without rupture and to resist the
effects of salt water corrosion. Low cycle fatigue failure can result if sub-

I critical flaws in the metal grow with each cycle to critical size. However, a
method of fl_ow evaluation has been developed to gain the full cyclic life of a

i pressure vessel.

This flaw evaluation method requires NDT inspection to ensure that there
+ I

! are no initial flaws of sufficient size to cause failure during the next flight

operation. Also, to ensure recycle capability, the hydrotest pressure must be

I well below the case yield. From the table shown in figure 1-9, it can be
seen

that the proof test pressure is 14% below the case yield pressure, causing no

I permanent set or degradation in the material. Using these techniques between
each operational cycle, the motor cases can withstand multiple reuse cycles with

I a high degree of rellability and confidence.

A _I'C program was conducted in 1964 to determine the effects of unprotected

I D6aC steel immersed in salt water for up to 48 hr. It was found that for 48 hr,

0.002 in. of material removal was required. Under the present recovery time of

I 12 hr, the ratioed depth for removal of pits would allow the SRM hardware to be

recycled 24 times and still leave a positive margin of _afety for man-rating.

' 1-15
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It: i,_ r¢+.eotmaeuded that an LSD of tho, "Ca_a Graude+" clas_ be usc_d for +_
+

rt_covery of the SRMs (figure 1-+10). These sh:i,p_ can r_ad:Lly load thr_u +

156-in.-dlameter laotors or six 120-in.-diameter motors. Two 50_ton eraues are

mounted and movable on the sidedecks should riley be needed. Cruise speed is

].5 knots; a crew of 50 to 75 men is suffieieut for short-term recovery action.

Five of g:heships ark w:Lth th_ active U. S. N_rvy and six are "mothhnlled."

It ia estimated that a refurbished LSD can be oht:ained for about $3,000,000.

The LSD will begiu tracking radio signals from the SRMs as they separate

at an altitude of 180,000 ft, After i_tpact the LSD will drop off a small boat "

containing two frogmen alongside each SRM. Inflatable flotation ring,_will be

installed fore and aft on o_ch SILM to facilitate flotation and to protect the

SRM frontdamage.

Th_ LSD has an 18-ft draft which will allow each S_ to be floated aboard°

Fresh water on board will be used to wash down the SRMs.
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I 2.0 (30ST ANALYSIS FOR RE(]OVEI(_ OF TIlE SRM STAGE-i o ' t+ 1r, , i2. I SII_qA'RYt CONCLUSIONS t AND RI,,('OMMLNDA_.I.ONS

i The cost savings, by mission model, which remll.t:from implementation ofan SRM recovery program are presented :l.l_fi_ure 2-1. ThIH analysis shows

major cost savings for each of the mission model_ and leads to the resulting

I conclusion that SRN recovery should be implemented in the Space Shuttle Program.

' _ This conclusion logically follows when tlm cost saving shown in figure 2..I is

I compared with the nonrecurring cost: of $6,797,000 shown in table 2-1. The rela-

tively small nonrecurring cost for development: (i.e., $6,797,000) will be amor-

I tized very early in the recovery program. The approximate cost saving resulting
t

from recovery of SRMs then ranges from approximately 25% to 35% of the total

I SRM fabrication cost, depending upon mission model and quantity. Figures 2-2

i:I and 2-3 clearly illustrate the cost incentive in booster hardware recovery.

Supporting information for these results is presented in the following

pages and includes: considerations for parachute recovery system implementation;

retrieval operations on the high seas; ETR acceptance and preparation of hard-
| ware for shipment to California; refurbishment of each SRM component; and

delivery of all components to the UTC Development Center at Coyote, California,

N to reenter the normal proces_ cycle for production of SRMs.

! In concert wlth the latest emphasis on "prototype testing," UTC recouunends

i lu_aediate funding of $ii0,000 to conduct a full-scale drop test of one seven-

hardware presently available at UTC, and could be conducted within 3 months

after go-ahead. Flight velocity and impact loads would be achieved by dropping

I the SRM from the San Rafael-Richmond Bay Bridge into San Francisco Bay. Price

quotations have been received from the San Francisco Bay Bridge Authority con-

firming these costs and the feasibility of the test. Such a test would serve

to confirm the results of this recovery study very early in the program.

. | 1
Although this cost analysis is based on no redesign of SRM components to

effect recovery it should be noted that savings can be realized by redesign. /

I in particular, if the electronic equipment is housed in shock-proof sealed con-

tainers, a savings increase of approximately 4% could be realized.

| 2-I
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. TABLE 2-I

,' ' RECOVERY DEVELOPMI,INTPROOf{AM

(Sheet I of 2)

SRM Itardware Modifications to Incorporate Parachute System

! Modificatlcn Cos___!£

Design, canister, and nose cone $ 80,000

. Tooling for new canister i00,000

Tooling for new nose cone 80,000Fabrication of four development units 130,000

Structural testing of nose cone and canister 180,000

"i Parachute development (modifications) 2,220,000

Modifications and bench testing of sequence 200,000

I controller and location aids
Linear-shaped charge design and qualification 130,000

Aeneroid sensor modifications 20,000#

_I System integration 80,000

!I :$3,220,000

Other Nonrecurring Costs for Recovery

i!I Ite..__m Cos___!t

Crane and dock modifications at ETR $ 600,000

':'[''''" I.....;,, Handling -- rings and equipment 150,000

I LSD recovery modiflcations(fresh-water etc.) 220,000
i,</. hoses, tiedowns,

i:i'). Flotation collars (inflatable) 250,000

i Nozzle plug for recovery 8,000Special disassembly and cleanup tooling I00,000

Special refurbishment tooling lO0,000

I Tooling and spryly equipment for protective coating ,_0,000

Miscellaneous 120,000

' I $1,628,000

I 2-3
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TABI3,:2-l

RECOVERY DEVELOPMENT PROGRAM _

(Sheet 2 of 2)

Development Demonstration Program

Item Cost

SRM impact test (water entry at 60 ft/sec) to verify $ii0,000
component survivability (existing motor hardware ,.
to be used)

.=

SRM water flotation tests to verify and evaluate 50,000

the flotation attitude, stability, leakage

characteristics, pickup requirements, and the
effects of surface wave action _.

Evaluation of LSD recovery operations I00,000

Tests to verify that shock loads resulting from 14,000
:. water entry at 60 ft/sec do not ignite the safe-

and-arm pyrotechnics for the destruct and thrust "_
termination system

Tests to evaluate the effect of salt water, salt- 42,000 "i
water spray, and corrosion on SRM components

.... Evaluation of protective coatings for SRM hardware 68,000

..- Air drop tests of the parachute recovery system 1,220,000
' using dummy payloads (or 1200-serles motors)

•i:.:_: Multiple hydrotesting of three segments and two 45,000 '
closures to establish multiple reuse reliability

:" (existing seven-segment test hardware to be used) ....
i

•" Motion picture coverage of the next Titan III 20,000
launch to evaluate SRM postseparation dynamics

Nozzle impact load testing to verify action of 190_00 .
the actuators and failure mode of the axtension core

Model testing, analytical studies, and specimen 90,000
testing to direct, support, and supplement these

demonstrations and to evaluate the specific recovery

system $1,949,000

- i
Total development and nonrecurring cost ,$6_797_00_

I i , m I I ill o_ " -
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I
2.2 I]ROUN;} RULES AND ASSUMPTIONS

I The costs presented herein are based on the following ground rules and
assumptions :

A. The number of flights are based on fottr space shuttl.o mission modo.ls
as follows:

Number

• _ Mission Model of ]:'light s
I 445

I 2 317
3 1,18

i 4 96
B. Four 120-in.-diame_er SI_Ms ore requlrt_d p_r flight

I C. Costs are cl_Iculated based on the value of tile dollar in 1970

D. Launches arc fr_n ETR

I E. No new design of the Sl_ is required to implement recovery, except

for the incorporation of a parachute system in the forward nose cone

:i I and the addition of one nozzle shock absorber

I,'. Only major components of the SI_M need to be recovered to effect a

R sav_ags of 65% of the total inert co_t per SRM

G. Attrition rate for recovered SRM components ranges from 16% to 25%

ti. Major SRM components can be refurbished and reused seven times

I I. The variation in SI_ component cost versus quantity ordered is approxi-
mately as shown in figure 2-4

I J. t_ecovered hardware is picked up by LSD and washed down with fresh
water; cranes then offload the hardware onto trucks which deliver it

i to the UTC disassembly and inspection area at ETR
K. Costs for shipment of hardware are included (no Government bill of

i lading assumed)

I /

I: 2-?
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L. LSD recovery of fm_r SRHs includes a 100-man cr_w operating the ship

at $20/man/hr for 32 hr, and special equipment and frogmen to be on

station and enroute (recovery details are presented in table 2-11)

M. Hardware items recovered and items _ot recovered are shown in

figures 2-5 through 2-8 for each of the mission models

N. Refurbishment of hardware will take place in California; shipment

from ETR to California is $13,000 per SRM (no Government bill of

lading assumed).

TABLE 2-11

RECOVERY COST

Mission Mission

Model No. 4 Model No. I

Recovery Operation Tim.__e (96 Flishts) (445 Flights)

i Parachute system - @ 95,000 $ 80,000

Nozzle shock absorbe'c - I0,000 8,200

• .. ...._ Retrieval system

I_ :'.ii', LSD preparation or rental -- 5,000 5,000

:::.i, 100-man crew for LSD

.... '_ Dock to splashdown 6 3,000 2,460

station, hr

iii11 At splashdown station, hr 20 40,000 8,200Towing to dock, hr 6 3,000 2,460

_: to ,

, Cleanup and inspection 580 14,500 II,900

for damage, man-hours. Packaging for shipment, 50 1,250 1,025
man-hours

Total recovery (per SRM) $143,000 _120__4,_0_

2.3 COST ELEMENTS• 2.3,1 Cost of New SRM

The cost figures for new SRM hardware presented in figures 2-5 through$

_I 2-8 are based on recent vendor quotes for this study and on actual cost data

.I
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accumulated during the past 9 years on tile Titan III Program for 120-in.-

diameter SRM hardware. Variations in unit prices with changes in quantity

were determined by contacting the present vendors for Titan III 120-in.-

diameter SRMhardware; these results are presented in figure 2-4.

2.3.2 Cost of IIardware Based on Recycling

When components are recycled seven times, a large cost saving resuits

because of the reduced quantities ordered; however, the unit price of these

components at the reduced quantities increases significantly. This is shown

in figure 2-4. Also, an attrition rate must be added to the components ordered

to account for recovery losses and quality control rejections. For the hard-

ware in this costing, attrition rates vary from 16_ to 25%, as shown in

figures 2-5 through 2-8. These attrition rates cover all hardware losses during

recovery and refurbishment operations, including quality control rejections.

2.3.3 Cost of Recovery and Refurbishment

A. Recovery

: The recovery cost elements are shown in table 2-II and include a lO0-man _

LSD crew operating for 20 hr in the splashdown area to recover four SRMs.

_": Time to and from the splashdown area is also included at 6 hr each way. .

Frogmen are included in the LSD crew to perform in-water operations around

:i:: the SRMs. The SRMs will be washed down with fresh water on the LSD and .

' then delivered to the Naval docks at ETK for offloading by crane onto

•_ flat-bed trucks. The trucks will then deliver the hardware to the UTC

disassembly and inspection area at ETR. The washdown and disassembly

will be followed by application of protective coatings and shipment to

California. It is estimated that the cost of an LSD of the 'Casa Grande"

class will be approximately $3,000,000, should it be _esirable to pur-

chase one outright. At this time, five of these ships are in the active

U.S. Navy and six are "mothballed". The rental cost, included in the

recovery expense, is sufficient to purchase one LSD.

B. Re furblshment

After the recovery operation Is completed, the SRM components are shipped

to California for refurbishment. The refurbishment operation for each
-%

2-14 _t
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component is shown in table 2-111. After cleaning and inspection, _he

case segments and closures are hydrotested and magnetic particle inspected.

The hardware is then reinsulated and enters the normal production cycle

for propellant loading, assembly, and huyoff at the UTC Development Centerp

Coyote, California.

C. Shlpment

Shipment cost for one SRM from ETR to California is $13,000. This cost

is included for all recycled hardware. Government bill of lading is not

considered for purposes of this study.

2.4 OTHER CONSIDERATIONS

Although this study is based primarily on the reuse and recycle of hard-

ware seven times, it should be noted that it is completely feasible to recycle

hardware many more times. Figure 2-9 shows the additional cost saving with

up to I00 reuses of hardware. These costs must, however, include much higher

attrition rates as the reuse of hardware increases; e.g., for the 100-reuse

curve, attrition rates up to 4270 for some components are included. -... •

,! •
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TABLE 2-I I:[

REI*'URBISIIMENT COST

Cost/SRM
Mi. sloll Ln.nch

Model No. 4 Mod_l No. I

Refurblshmont Op_ratlon Han-ho,,r_ .(96 Fll.ght_) (445 l:]ight:s)

Shi, pmotH: f_om ETR to Ca]Ifornla -' $ 13,000 $ 13,000

l_efurblshmonl: of SegiilOnt_and Clos.ros

RecelvlnR InspocLlon 50 1,250 1,025

Remove insulation 468 I1,700 9,600 I

Sandblast 38 937 842

Full MPI 38 937 842

llydrotest 150 3,750 3_075

Full MPI 38 937 842

Full quality control acceptance 75 1,875 1,537 ._.

Paint and protect surfaces 62 1,562 1,280

Delivery for insulation -- 125 I00

Material - 4,000 3,275

Handling -- 1,250 1,025

I .i Liaison support 140 3,500 2,900

:.,., Refurbishment of nose section foward
and aft skirts

h:!

Receiving inspection 40 1,000 820 ....

Remove protective coating 100 2,500 2,050

Clean and passlvate 200 5,000 4,100

i. I Full MPI i00 2,500 2,050 '-_

Dimensional inspection i00 2,500 2,050

Paint and apply protective coating 500 12,500 10,200

and external insulation _ i

Full quality control acceptance I00 2,500 2,050 I
I

Materials -- 14,000 11,500 I

Handling -- 1,200 1,000 "

Liaison support 160 4,000 3,300

Refurbishment of other motor components

(igniters, hydraulic and actuator systems,
parachute canister, nozzle steel and ISDS)

inspection, clean,.passivate, MPI,
paint, and quailty control acceptance 500 J2,500 10,200 It

Materials and handling - 2,000 1,600 {

Liaison support 55 _ I_400

Total refurhishment (per SRM) _ _ _ /
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